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The fungus Macrophomina phaseolina (Tassi) Goid. (MP) is the causal agent of charcoal 
rot disease that affects more than 100 plant families worldwide and causing significant yield 
losses (Hernández-Delgado et al., 2011). Despite the broad host range, only a single species is 
currently recognized: M. phaseolina (NCBI, 2017; http://ncbi.nlm.nih,gov). Charcoal rot disease 
is favored by drought and high temperatures stresses. MP symptoms are characterized by dark 
lesions at seedling stems that after cover the complete plant destroying vascular vessels. Finally, 
systemic chlorosis, wilting, defoliation and microsclerotia and pycnidia growing on stem 
epidermis are distinguished (Kaur et al., 2012). Recently, Sarr et al. (2014) reported two species 
within the genus Macrophomina: M. phaseolina and M. pseudophaseolina supported by slight 
differences on conidia morphology and phylogenetic analysis based on five loci on MP isolates 
from Senegal and other countries. Our results support that even M. phaseolina shows a broad 
genetic variability due host and geographical origin variations, no species or subspecies are 
evident (Reyes-Franco et al., 2006). The aim of this work was to analyze MP isolates from 
different host and geographical origins based on four genetic markers and to determine their 
phylogenetic relationships. 
 
The sequences of four genomic regions: Internal Transcribed Spacer (ITS), Cytochrome 
Oxidase I (COXI), Elongation Factor 1α (EF-1α), and RNA Polymerase II (RPII) of 90 M. 
phaseolina isolates from México (26 isolates), Brazil (18), USA (17), Japan (10), Italy (10), 
Australia (5), Colombia (2) and Argentina (2) were amplified by PCR. Plant hosts of isolates 
were variable: beans, maize, soybean, sunflower, chickpea, cotton, sorghum, etc. Two markers 
(ITS and COXI) were derived from rDNA while the other two (EF-1 α and RPBII) were 
obtained from nuclear DNA. ITS oligonucleotides were described by Babu et al. (2007); the 
other three were designed in this work. Amplified fragments were sequenced, edited and aligned. 
Sequences were subjected to bioinformatic analyses, firstly creating a multiple-aligned matrix by 
the merged sequences and after data matrix was subjected to cluster analyses by maximum 
parsimony, maximum likelihood and Neighbor-Joining methods. Finally, same statistical 
analyses were individually conducted by each marker. At all cases sequences of Aspergillus 
flavus was used as outgroup. 
 
Topology of phylogenetic trees by combined markers showed variable grouping 
regardless host or geographical origins although three major clusters were found: one included 
the outgroup A. flavus; the second showed three MP isolates from Brazil, USA and Colombia; 
the third included 64 MP isolates (Table 1). Similar results were reported by Chakraborty et al. 
(2011) analyzing MP isolates from mandarin. When grouping MP isolates by each single marker, 
the clearest grouping was found using COXI due only one group including 85 MP isolates was 
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produced and it was clearly separated from the outgroup. MP isolates were subdivided into two 
subgroups: one including 74 isolates sorted by geographical origin and the other included 11 MP 
isolates from different host and geographical origins (Brazil, Japan, USA, México, Italy and 
Colombia). COXI was more efficient that ITS (Chakraborty et al., 2011) for grouping MP 
isolates. Results indicated that M. phaseolina can be separated by geographical origins (Reyes-
Franco et al., 2006; Sharma et al., 2012) but cannot be separated by species or subspecies yet. 
Therefore, we ratified that the fungus must be considered as a genus with only one species: M. 
phaseolina. 
 
Table 1. Clustering of 67 M. phaseolina isolated based on four genomic regions and three 
clustering methods. 
Origins Maximum parsimony Maximum likelihood Neighbor-Joining 
 Cluster 
I 
Cluster 
II 
Cluster 
III 
Cluster 
I 
Cluster 
II 
Cluster 
III 
Cluster 
I 
Cluster 
II 
Cluster 
III 
Brazil 0 1 14 0 1 14 0 1 14 
Japan 0 0 7 0 0 7 0 0 7 
Australia 0 0 5 0 0 5 0 0 5 
Italy 0 0 7 0 0 7 0 0 7 
Colombia 0 1 0 0 1 0 0 1 0 
Argentina 0 0 1 0 0 1 0 0 1 
USA 0 1 16 0 1 16 0 1 16 
México 0 0 14 0 0 14 0 0 14 
A. flavus 1 0 0 1 0 0 1 0 0 
 1 3 64 1 3 64 1 3 64 
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